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Introduction:

For our DOD award W81XWH-12-1-0529, we proposed to overcome autophagy as cell survival
mechanism when treated with small molecule Src kinase inhibitor saracatinib or the androgen receptor
signaling inhibitor enzalutamide in prostate cancer therapy. After the extensive in vitro studies of the
effect of saracatinib and enzalutamide on CRPC cell lines, we have concluded that autophagy was the

usual pathway for cancer cell survival.
AMPK and repression of mTOR [1-5].

This treatment-mediated autophagy is through activation of
Knocking down AMPK with siRNA reversed the survival

mechanism and led cells to undergo apoptosis. Survival mechanisms elicited by CRPC C4-2B cells when
treated with Enza may be blocked by inhibiting autophagy with clomipramine (CMI) [6, 7] and
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Figure 1. Transcriptome deep sequencing (left) of
parental (WT) and enzalutamide resistant C4-2B (C4-
2B+R) cells was carried out to examine differential
gene expression pattern that may be related to their
ability to survive under constant high exposure to
ARSI. The data were validated with RT-gqPCR (right).

metformin (Metf) [8-10]. Combination of Enza with
saracatinib and autophagy modulators significantly
reduced cell proliferation in the LNCaP GRP CRPC model.
Transcriptome deep sequencing of parental and Enza
resistant C4-2B cells was carried out to examine
differential gene expression pattern that may be related to
their ability to survive under constant high exposure to
ARSI. There were more than 140 genes up-regulated and
more than 100 gene down-regulated, (3 FPKM = 1
transcript/cell). Figure 1 showed examples of up-regulated
genes involved in autophagosome formation as expected in

the ENZA resistant cells. Suppression of mTOR signaling
is also a major inducer of autophagy. We observed several
MTOR signaling genes that were differentially down-
regulated in the resistant cells when compared to the

parental cells (expression level are expressed in FPKM
with 3 FPKM = 1 transcript/cell). We therefore attempted
to knock down two of the autophagy central molecules
Beclin 1 and Atg5 to examine the effect of modulating
autophagy in anti-androgen treatments. Real-time gPCR
was performed to validate the deep sequencing data and
found the trend agreeable.

In the past year, we focused on in vivo studies using
LNCaP C4-2B enza-resistant, GRP-Pro orthotopic and
CWR22 xenograft models. With the former two CRPC
models, combination of Enza with autophagy modulators
CMI or Metf; or with saracatinib significantly reduced the
tumor growth. The latter xenograft model showed that
saracatinib alone may inhibit recurrence of castration
resistant tumor growth after surgically castrated the CWR22
tumor bearing mice.
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Figure 2. LNCaP LC3-GFP cells were transiently
transfected with control (NTC), siRNA against beclinl
(Ben) or Atg5, followed by treatments with DMSO,
Enza, Metf, Abi or in combination. Autophagy
represented by punctae of LC-3 was observed under
fluorescence microscopy (left). MTT viability assay
performed on the same setting showed the enhanced
cell death after knocking out of Benl.

Castration resistant prostate cancer, autophagy, enzalutamide, saracatinib




Overall Project Summary:

l. Combination of anti-androgen drugs and autophagy modulation (metformin or siRNA to
Beclin 1 and Atg5) in LNCaP-eGFP-LC3 cells

LNCaP LC3-GFP cells were transiently transfected with control (NTC), siRNA against beclinl (Bcnl) or
Atg5 [11], followed by treatments with DMSO, Enza, Metf or in combination. Cells became sensitized to
Enza and even more to Enza+metf after the autophagy genes were knocked down (Figure 2). Less punctae
formation was detected in the siBcn or siAtg5 cells when treated with Enza. Metformin treatment on top
of Enza further caused the morphology changes, cells were rounded up under the microscope indicating
loss of viability. In additionally, they were treatments with
abiraterone (Abi) or in combination with, Enza, Metf and .
both. Again, cells became sensitized to Abi and even more . i I
to combinations after the autophagy genes were knocked i
down. MTT assay was performed in C4-2B Enza-resistant oo gy

- 22 X

- B e e

cells with siRNA against beclin 1 followed by treatments
with Abi, Enza, Metf or Abi+Enza. Anti-androgens alone
did not inhibit growth in cells transfected with non-target '
control siRNA. However, cells with beclinl knocked out
became more susceptible to those drugs. Combination of
Abi and Enza showed more potent effect even in the

presence of autophagy pathway and so did metformin

treatment. We are currently looking at the mechanisms
behind.

I1. Testing the combination of enzalutamide and CMI
(or metformin) on LNCaP C42B MDVR orthotopic
mouse model

To address our hypothesis that targeting autophagy could
overcome resistant to ENZA therapy in CRPC in an in-vivo

> &

Figure 3. Two sets of orthotopic mouse studies were
conducted with enzalutamide resistant C4-2B cells
implanted into prostates of SCID mice. Drug
treatments include enzalutamide, CMI, Metf or in
combination. The graph in upper panels showed the
average weight of tumors in each group, and two
representative images of the tumors. RT-gPCR on
genes involved in autophagy pathways were conducted
on RNA extracted from respective tumor samples.

model, we used SCID mice and orthotopically implanted ENZA resistant cells into the prostate. PSA

level was monitored until detectable around day 10, indicating tumor implantation.
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Figure 4. Tumors collected from different treatment
groups, ctl, Enza, CMI and Enza+CMI were parafilm
embedded and  sectioned for H&E  and
immunohistochemical staining with antibodies against
Ki67 or AR. The same analysis was done for the
metformin group and got comparable results.

Treatments with
control vehicles, CMI, ENZA and combination were dosed
daily. At the end of six weeks from surgery, tumors were
harvested and weighed. Mice treated with ENZA or CMI
alone showed a 28% and 23% decrease in tumor size when
compared control mice, respectively. There were a
significant reduction in tumor size by 91% in mice treated
with ENZA in combination with the autophagy inhibitor,
CMI when compared to control mice, as shown in Figure
3 (p<0.001). Because the elevated interest of metformin
also as an autophagy modulator and its low toxicity and
applicability, we conducted another in vivo study
replacing CMI with metformin. Mice treated with ENZA

or metformin produced marginally reduced tumor sizes
than the control mice, while those treated with the
combination of ENZA and metformin gave a drastic 78%
reduction with a significant difference (p<0.01 by
Student’s T test). Tumors collected from different

5



treatment groups, ctl, Enza, CMI and Enza+CMI were
parafilm embedded and sectioned for H&E and
immunohistochemical staining with antibodies against
Ki67 or AR (Figure 4). H&E staining showed
characteristics of prostate tumors; Ki67 demonstrated
viability of cancer cells in tumors and AR nuclear
localization or not reflected the drug effect of ARSI
enzalutamide. The same analysis was performed for
the metformin group (data not shown) and comparable
results were observed. A scheme (Figure 5) summaries
the interaction between AMPK mediated autophagy
and mTOR signaling pathway.  Metabolic stress

including genotoxic stress, hypoxia, metformin
treatment, Androgen deprivation ARSI treatment such
as enzalutamide will activate AMPK and suppress

Regulation of autophagy induction
by the mTOR and AMPK complex

Starvation Metformin
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Figure 5. AMPK and mTOR pathways in response to the
ARSI and other androgen deprivation treatment. Most of
the molecules summarized here were flagged for up and

mTOR that leads to autophagy.

down regulation in our deep sequencing analysis.

I11.  Testing the combination of inhibitory effect of saracatinib and enzalutamide on LNCaP
GRP-Pro orthotopic mouse model

For LNCaP GRP-Pro cell model, we have defined the rationale behind androgen-free cell proliferation
was via neuropeptide GRP-mediate AR activation [12]. Src kinase was activated upon binding of GRP to
its receptor on the cell surface. The phosphorylated Src simultaneously recruits and activates Etk and Fak
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Figure 6. Serum samples were collected
from castrated SCID mice
orthotopically injected with LNCAP
GRP-PRO cells. PSA levels were
measured by a PSA ELISA kit (United
Biotech). Serum samples from an intact
mouse with LNCaP tumor and a
castrated animal were used as the
positive and neaative references.

treatment groups, control, sara and ENZA, with the combination
treatment group, sara+ENZA only 5/8 tumor take rate. The mean
tumor weight in the combination group was 37% of that from the
control group (Figure 7). The two monotherapy groups showed
no inhibition and even increased tumor weight in average.
PSA serum levels in the first three groups were similar to that from
an intact animal bearing prostate cancer tumors; whereas the
combination group measured only 16% of the control.
immunohistochemical staining of representative samples clearly

and the three form Src-Etk-Fak complex to activate AR in the absence
of ligand androgen. On the other hand, GRP-Pro cells demonstrated
up-regulation of essential steroidogenic enzymes such as AKR1C3,
HSD3B2, CYP17Al and etc. Intratumor testosterone levels were
detectable in GRP tumors developed in castrated mice [13]. W.ith
these known facts and in vitro study results, we hypothesized that the
growth of CRPC GRP-Pro tumors in castrated animals would be
inhibited when treated with both saracatinib and Enzalutamide. For

the orthotopic tumor model, 32 male SCID mice were castrated and
orthotopically injection with 2 x 10° LNCaP-Pro cells co-suspended in
30% matrigel (BD). Animals were randomly divided into 4 groups 2
weeks after surgery and subjected to daily dosing of buffer, saracatinib
(25 mg/kg), Enzalutamide (10 mg/kg) or the combination for 5 weeks.

control —
saracatini

Serum PSA was measured to
ensure tumor take (Figure 6).
GRP-Pro  cells  produced
tumors in castrated male SCID
mice in nearly all three

The Figure 7. LNCaP GRP-Pro orthotopic

tumors were harvested from castrated SCID
mice. Tumor weight were measured and
tallied, and the mean values of each group
were graphed with standard errors.

The




showed inhibition of pSrc by sara and inhibition of AR nuclear translocation in sara treated groups
(Figure 8).

IV. Preliminary testing of the combination of Src
inhibitor saracatinib and chloroquine on the CWR22
xenograft model, the inhibition of recurrence and its f
gene analysis ARS G

control sara Enza S+E

CWR22 xenograft model [14, 15] was used to mimic tumor
recurrence after androgen deprivation therapy in patients. .
Athymic Nu/Nu male mice were implanted with CWR22
xenograft subcutaneously and allow for tumor progression.

. After tumor volume | Figure 8. Tumor samples from each treatment
CWR22 xenograft treatment and sampling flow chart s shad 100-150 mm3, groups were section and immunostained with anti-
AR and anti-pSrc, respectively.  Representative

‘ CWR22 xenografts injected into nude mice primed

Hesesone mice were Surg_iqa”y views are shown here.
_____1__ ______ castrated and divided
tmorceveiopment o0 |~ |nimor s coleswa | N0 groups, subjected to no treatment, treatments with saracatinib
— e — (25 mg/kg) or combined with chloroguine (50 mg/kg) from 7 days
[Conmetam: Ko wment | o after surgery until 150 post-operation. CRPC recurrence was
™~ - significantly inhibited with the administration of saracatinib. Mean
o 150 a0 and a160AZD) of tumor recurrence (in tumor weight) for saracatinib, 0.18 grams

and for control, 3.20 grams (p=0.015). Mean of serum PSA in the

Figure 9. CWR22 xenograft reatment and saracatinib-treatment group, 1.6 ng/ml angj _control, 14.7 ng/_ml
sampling flow chart (P=0.08). The combination of saracatinib and chloroquine

treatment did not show significant tumor suppression after
recurrence. Therefore, only the control verse saracatinib
treatment groups will be discussed here. We will repeat
this experimental set-up but use metformin instead as a
more reliable autophagy modulator. Tumor samples were
collected at days 0, 30 and 150 (as summarized in the flow
chart, Figure 9), total RNA was extracted for cDNA
microarray analysis using Affymetrix Human Genome
U133 Plus 2.0 chips. Heat maps (Figure 10) were
generated and pathway analysis of gene differentially
expressed in 150d control and saracatinib tumor samples
was performed based on the gene profile. To give a couple
of examples, the first heatmap showed averaged Cx-
150d+AZD samples compared to averaged Cx-150Ctl ones:
2,582 genes differentially expressed 1,436 genes up- [
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regulated 1,146 genes down-regulated. The saracatinib-
response signature was determined by defining the
common set of genes that were differentially-regulated by
saracatinib in 2 different studies: CWR22 and A549. This
signature of 520 probe sets was then used to perform
unsupervised hierarchical clustering. The results suggest T ag—

I
|

|

!f”

——————
||||||||||

Cx-150d+AZD.
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that a prominent component of the set of genes that were | rigure 10. Two representative heatmaps generated
androgen-responsive and re-instated in the Cx-150d tumors | from the gene profile for 150d control verses
were co-regulated by Src signaling shown in the second f;rnaggmﬁler(s'gzt)AS%dce?f‘s“’(‘flzt;]’:)'b treated CWR22
heatmap. The pathway analysis also showed that AR, '




Table 1: Rank of chang_es in RNA expressions in CWR22 tumors from t_ime point_s d30, CXCR4, MMPl and a Wh0|e al‘l‘ay Of Ce”
sl:?_i::rnadﬂgr:lt')OAZD with mean fold-change values represent the comparisons against d0 CyCIe genes SUCh as CDCZ, CDCZO,
CHEK1, RADS51 etc. may be the nodes in

I L w ws2 C connecting pathways among molecules
b o pro s w oo doun responding to castration, recurrence or Src
W B i e o kinase inhibition. From the microarray
b oy o i “w il o data, three groups of genes were tabulated
oat o i wtn and compared their response in the course
poese - foun Lon o oo o of castration and treatments. The line-up
Q“ o s : of genes with the most change, either up or
proect 1an down Lan doun azs down down-regulated was shown in the first table
fien = i i o i o (Table 1). Steroid biosynthetic enzymes
mews G e 125 e o and AR regulated genes were grouped
hrcars s doum by " e ao together (Table 2) and the third table
oy o o o o showed genes involved in kinase activation.
prcs = = = p 2 = RT gPCR analysis was performed for

selected genes of interest to validate the

Table 2: Changes in RNA expressions of steroid biosynthesis/AR-regulated genes in CWR22 H

tumors from time points d0, d30, d150Ctl and d150AZD. Mean fold-change values represent mlcroarray data (data nOt Shown)

the comparisons against d0 post-castration.
Table 3: Changes in RNA expressions of pathway genes in CWR22 tumors from time points
d0, d30, d150Ct and d150AZD. Mean fold-change values represent the comparisons against
d0 post-castration.

FASN 278 down 1.05 down 2.43 down

CYP11A1 1.01 down 1.02 up 112 up

CYP17AL 1.03 down 115 up 111 up

HSD3B2 1.08 up 1.02 down 1.08 down

HSD1782 104 down 108 up 1.06 up MYC 1.08 down 1.18 up 1.20 down
HSD17B3 156 up 1.10 up 1.66 up SRC 1.35 down 1.05 up 144 down
HSD1784 147 down 1.06 down 133 down BMX 1.02 up 165 down 188 down
HSD17B10 1.47 down 116 up 1.42 down

- 232 w u w 1os w PTK2 177 down 114 up 1.36 down
AKR1C2 191 up 111 up 1.07 up CTNNB1 1.66 up 101 up 145 up
AKR1C3 1.05 up 112 down 145 down JAKL 225 up 121 up 226 up
RDH5 111 down 116 up 1.17 down bz 181 up 116 o 156 vp
SRD5A1 111 down 118 down 122 down

SRD5A2 111 o 104 e 110 - STAT3 1.10 up 110 down 1.10 up
SRD5A3 245 down 1.40 down 251 down NFKB1 1.04 down 118 up 1.14 up
UGT2B15 1879 up 221 up 1298 up — - w e w - w
UGT2B17 23.50 up 151 up 17.67 up

AMACR/// AKT1 1.28 down 110 up 1.07 down
C1QTNF3 144 down 1.30 down 126 down AKT2 1.03 down 1.16 up 1.08 down
ik 12 down 136 up 12 down AKT3 1.00 down 121 up 104 down
AR 241 up 221 up 1.69 up

EGR1 1.22 down 1.00 up 1.89 down FRAP1 3.14 down 1.05 down 232 down
KLK3 1.04 down 110 down 1.09 up AURKA 9.73 down 1.03 down 5.35 down
[MPRSS2 L2 down 128 down 104 down AURKE 6.36 down 113 up 495 down

Key Research Accomplishments:
1. Compiled an up and down regulation gene profile in the Enzalutamide-resistant cell and the trend was
validated by gPCR in both cell and tumor background.

2. In vivo studies with CRPC cell lines demonstrated proof of principle for the role of autophagy in anti-
androgen therapies combined use with two autophagy modulators, CMI and metformin.

3. Demonstrated the effects of combined use of anti-androgen and kinase inhibitor on the CRPC LNCaP-GRP
in vivo model, target therapy may mechanistically block both neuropeptide and intracrine androgen mediated
AR signaling axes.

4. A preliminary in vivo study on molecules behind castration resistance using the CWR22 xenograft model.

Conclusion:
In year 2, we extended our studies to in vivo animal experiments. Three animal models, LNCaP C4-2B

MDV-R, LNCaP GRP Pro cells and CWR22 xenograft were used. In LNCaP C4-2B MDV-R study, we
validated that using autophagy modulators such as clomipramine and metformin, tumor survival
mechanism encountering enzalutamide treatment may be blocked. A much significant reduction of tumor



growth (91% and 78% for combinational use of CMI and metf with enzalutamide, respectively) was
observed. In the LNCaP GRP model, combinational treatment of enzalutamide and saracatinib provided
the best tumor suppression. Both specific mechanisms GRP cells utilizes for aberrant AR activation,
intracrine androgen synthesis and kinase pathway mediated AR activation in the absence of androgen,
were prevented through combined target therapy. Lastly, castration resistant gene activation and tumor
recurrence was inhibited by saracatinib treatment in the CWR22 xenograft model but could be further
enhanced when combined with autophagy modulator like metformin.
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